Objective To determine success rates in achieving goal blood pressures by measuring several factors including lifestyle characteristics associated with therapeutic failures for target treatment goals.
Introduction
Elevated blood pressure is recognized as one of the important risk factors for cardiovascular disease and organ damage (1) (2) (3) and the importance of normalization of blood pressure is emphasized worldwide (4, 5) . In the year 2000, hypertension affected approximately 1 billion people worldwide, and it is expected that people with hypertension will increase to 1.56 billion by 2025 (6) .
The average blood pressure of the Japanese population has decreased between 1961 and 1990 among both men (from 143.2/83.0 to 134.3/82.9 mmHg) and women (from 143.3/82.2 to 128.4/77.6 mmHg) aged 30-69 (7) . During the same period, this change closely coincided with the significant decrease in mortality rate due to stroke in Japan (7) . However, there are still approximately 40 million hypertensive patients in Japan in spite of government health promotion campaigns (7) . In the United States, achievement of goal blood pressures among hypertensive patients has been disappointing despite established hypertension management guidelines and highly effective antihypertensive drugs (8) . Our previous community-based, prospective cohort study (9, 10 ) revealed low success rates in achieving goal blood pressure in Japanese hypertensive patients. We also found factors associated with therapeutic failure. Therefore, effective actions are required to improve the treatment of elevated blood pressure to prevent cardiovascular complications.
It has been reported that 50-60% of hypertension could be prevented by increasing physical activity, maintaining an ideal body weight, and regulating the diet, especially salt intake (11, 12) . Also, lifestyle modifications can lead to a mild decrease in blood pressure and allow a reduction in the dose of antihypertensive medications (7, 12, 13) . Several interventional studies (14, 15) have demonstrated the effectiveness of lifestyle modification and maintenance of an ideal body weight in controlling hypertension. However, few studies in Japan have examined the relationship between achievement rates of goal blood pressure levels and healthy lifestyle characteristics among hypertensive patients at the community level.
With the start of a new follow-up, we expanded our survey items to determine: 1) hypertensive patients' characteristics, including healthy lifestyles; 2) success rates in achieving goal blood pressures; and 3) factors associated with therapeutic failures for target treatment goals.
Research design and methods

Study design:
The survey is based on our previous cohort study conducted from July 2006 to May 2007, which was described in detail in our previous reports (9, 10) . We asked 72 Fukushima Hypertension Conference members, who participated as subject recruiters in the previous cohort study, to participate again in the current cohort study; 37 of them agreed to recruit patients into this study. The participants of the present study were hypertensive patients of these 37 physicians who completed both the follow-up of the previous study and the baseline survey of the present study. The baseline survey of the study was conducted from September to October 2008, and four follow-up surveys (March and September 2009, and March and September 2010) were carried out to collect hypertension-related information. The research period was not announced to participants prior to the survey, and appointments for medical consultation were made according to their request as usual.
This survey was conducted according to the Ethical Guideline for Epidemiological Studies established by the Japanese government (16) , and the Ethics Committee of Fukushima Medical University approved the research protocol (No. 711).
Participants: In the baseline survey (September to October 2008), 1,753 hypertensive patients were registered initially based on the participant's list of our previous study, and 126 patients were excluded due to missing medical data or were lost to follow-up, and an additional 363 were excluded due to missing self-administered questionnaires. Thus 1,264 patients were entered into the present analysis. We confirmed no statistical difference in age and sex distribution between included and excluded participants. We classified these patients into four treatment categories; 167 for young or middle-aged patients without diabetes mellitus or chronic kidney disease, 494 for elderly patients without these diseases, 519 for patients with these diseases or those who had myocardial infarction and 84 for patients with cerebrovascular disease (Fig. 1) .
Variables: For the baseline survey, the participants' clinical data were obtained from their medical files. We obtained the following data from the previous cohort study; participant's age, sex, height, family history (hypertension, diabetes mellitus, dyslipidemia, heart disease, stroke, kidney disease and premature cardiovascular disease), the presence of metabolic disorders (diabetes mellitus, dyslipidemia), endorgan damage related to cardiovascular disease (brain, heart, kidney, blood vessel, hypertensive and diabetic retinopathy), whether or not home blood pressure measurement had been taught, and duration of antihypertensive drug treatment. In regard to age and duration of antihypertensive drug treatment, we calculated the variables by adding 2 years to the original records.
As for the methods of blood pressure measurements, we asked physicians to use the method according to the Japanese Society of Hypertension guidelines for the management of hypertension (JSH2009) and collected blood pressure measurements each day that the patients were surveyed. To measure blood pressures, 28 used mercury sphygmomanometer and 8 used automated sphygmomanometer.
We recorded systolic and diastolic blood pressures and the participants' medication histories, including the use of calcium channel blockers, angiotensin II type I receptor blockers, angiotensin-converting enzyme inhibitors, β-adrenergic receptor blockers, α-adrenergic receptor blockers, diuretics, and others.
We asked participants to complete self-administrated questionnaires, which included their mental status, evaluation of medical adherence, and perception of blood pressure control. Also, we asked participants to rate their healthy lifestyles, which included alcohol consumption, smoking status, exercise frequency, sleep duration, eating regular breakfast, and between-meal snacks.
WHO (Five) Well-Being Index (1998 version) was used for the estimation of patients' mental status, according to the following 5 statements (17): "I have felt cheerful and in good spirits"; "I have felt calm and relaxed"; "I have felt active and vigorous"; "I woke up feeling fresh and rested"; and "My daily life has been filled with things that interest , CKD or after myocardial infarction me" (17) . Participants were asked to evaluate each statement on a scale from 0 to 5 (never = 0, all of the time = 5). The raw score was calculated by totaling the five answers. To obtain a percentage score ranging from 0 to 100, the raw score was multiplied by 4. A percentage score of 0 represents the worst possible score, whereas a score of 100 represents the best possible quality of life. Perception of blood pressure control was assessed with the question, "To what extent do you feel your blood pressure is in control?" and asked to evaluate the statement on a scale from 1 to 4 (not at all = 1, to a great extent = 4) (18) . Evaluation of self management of medication was assessed by the following question: "How successful have your medications been in terms of management of your blood pressure?" Participants were asked to answer the question on a scale from 1 to 4 (never = 1, completely = 4) (18) .
As for exercise frequency, there were four response categories: everyday, about 2-4 times per week, about once per week, or rarely. Also, the question about sleeping duration had four response categories: less than 6 hours, 6-7 hours, 8-9 hours, or 10 hours or more. For lifestyles, we regarded healthy lifestyles as alcohol consumption (non-daily drinker), smoking behavior (non-smoker), exercise frequency (twice or more per week), body mass index (18.5-24.9), sleeping hours (6-9 hours), breakfast (every morning) and snacks between meals (no) according to lists of Belloc and Breslow's seven health practices (19) , which are associated with mortality and are known to be a useful indicators to assess healthy lifestyles (20) . We then categorized the total number of healthy lifestyles into the following three groups: (0-3), (4) (5) , (6) (7) .
Determination of target blood pressure levels and primary outcome: We classified the participants into four groups and calculated the success rate for each treatment goal according to JSH2009: young or middle-aged patients without diabetes mellitus or chronic kidney disease (<130/85 mmHg), elderly patients without these diseases (<140/90 mmHg), patients with these diseases or had myocardial infarction (<130/80 mmHg) and patients with cerebrovascular disorders (<140/90 mmHg) (7). Primary outcome was "therapeutic failure", defined as the lack of achievement to the target blood pressure level.
Statistical analysis: The success rates were calculated for each group as indicated in JSH 2009 (7) . Factors associated with therapeutic failures were calculated using odds ratio (OR) and 95% confidence interval (CI) for each item using univariate logistic regression analysis. Significant factors in the univariate analysis (p<0.05) were then entered into multivariate logistic regression analysis. These analyses were stratified by sex since lifestyles greatly differ between men and women in Japan. We conducted evaluation of the following 2 models considering healthy lifestyle-related factors; model 1: adjusted with significant factors including each item in Belloc and Breslow's seven health practices, model 2: adjusted with significant factors including the total number of healthy lifestyle items (19, 20) . We defined "good perception" as those who answered 4 or 3 and "poor perception" as those who answered 2 or 1 in the question of blood pressure control perception to evaluate the statement on a scale from 1 to 4 (not at all = 1, to a great extent = 4), and estimated the proportion of therapeutic failures among those with good or poor perception. Then, we examined the association between total number of healthy lifestyles and therapeutic failures among those with good perception.
Two-sided Student's t-test with P value <0.05 was considered statistically significant. All statistical analyses were performed using the Statistical Package for Social Sciences version 16 (SPSS Inc., Chicago, IL, USA).
Results
Characteristics at baseline survey are shown in Table 1 . The total number of healthy lifestyle items was calculated by totaling items listed in Breslow's seven health practices associated with mortality.
Brain
Median age of participants was 74 years (minimum 26, maximum 94) and the percentage of males was 41.1%. Among family histories, the prevalence of hypertension was the most frequent (59.8%), followed by stroke (26.6%). Median total number of healthy lifestyles was 5 (1, 7) for males and 5 (2, 7) for females. The proportion with 6 to 7 healthy lifestyles was 37.3%. The median systolic and diastolic blood pressures were 132 (90, 190) mmHg and 74 (40, 106) mmHg, respectively. The proportion of those with diabetes mellitus was 27.4%, and those with dyslipidemia was 42.2%. Table 2 shows the success rates in each group. Success rate for young or middle-aged patients without the diabetes mellitus or chronic kidney disease was the lowest (31.7%), followed by patients with the diseases or those who had myocardial infarction (37.4%).
Among male patients, treatment duration of 11 or more years showed a protective effect in both multivariate models. Also, two components of lifestyle score in model 1 and the total number in model 2 showed significant associations (Table 3-1).
Among female patients, family history of diabetes was significantly associated with therapeutic failures in both multivariate models. Also, body mass index was a risk factor in model 1 and the total number of healthy lifestyle items showed protective effects in model 2 (Table 3 -2). Figure 2 shows that 92.2% of respondents had a good perception of blood pressure control, about half of whom were therapeutic failures. Further, the total number of healthy lifestyle items was inversely associated with proportions of therapeutic failures among those with good perception (Fig. 3) .
Discussion
In line with data from a preceding cohort (9, 10), the present study revealed a low success rates toward goal blood pressure levels recommended by hypertension treatment guidelines, although overall results seemed to be excellent with a median blood pressure <140/90 mmHg at baseline. In our respondents, success rate was especially low among young or middle-aged patients without diabetes mellitus or chronic kidney disease, as well as these with the diseases or had myocardial infarction. To add to our previous findings, we found that the total number of healthy lifestyle items was inversely associated with therapeutic failures to achieve treatment goals in both sexes in our participants.
Several hypertension treatment guidelines (7, 21, 22) suggest that less than 140/90 mmHg should be a general target, but a more strict control of blood pressures should be required to reduce cardiovascular events, not only in patients with diabetes mellitus and chronic kidney disease but also in cardiovascular disease (23) . Accordingly, JSH2009 has set four specific targets of blood pressure control, based on patients' characteristics and emphasizes to the need maintain their blood pressure below the target levels (7). The present results show low success rates among young and middle aged patients without diabetes mellitus or chronic kidney disease, or patients with these diseases or those who had myocardial infarction. Although the different thresholds of blood pressure may be associated with the distinctive success rates, blood pressure should be maintained at recommended target blood pressure levels in spite of different thresholds. There are some possible explanations for the different success rates in our study. First, there is a physician's lack of awareness, agreement, and belief of the positive effects of the target blood pressure levels recommended by hypertension management guidelines. Although the majority of physicians support the concept of guidelines, recommen- dations may vary in the degree of acceptance (24, 25) . A national wide survey (25) , which was conducted in Germany, showed that an adequate awareness for The German Hypertension Society was found in 23.7% among all respondents but 37.1% among cardiologists, 25.6% among internists and 18.8% among general practitioners. Therefore, it is necessary to improve the awareness for complex target blood pressure goals, as well as to give guidelines to physicians that will enable them to understand easily the detailed management of high blood pressure, taking into consideration each individual's risk factors. Secondly, for young and middle-aged patients, the lack of treatment awareness (26) and difference of thresholds (27) may be related to low achievement rates. The Ohasama study (27) showed that 24-hour ambulatory blood pressures were relatively similar between non-elderly and elderlytreated hypertensive patients (127.1/75.3 mmHg for those between 40-64 years of age and 128.5/73.0 mmHg for those 65 years or older). But over 90% of our young and middle aged patients had good perceptions of their blood pressure control, and the rate was high (94.0%) among the four treatment categories in the study. We confirmed the following phenomena with our data; significantly higher proportions of our young and middle-aged patients had poor lifestyles compared to older patients (data not shown). Therefore, it is important to improve treatment and healthy lifestyle awareness for these young and middle-aged patients to reduce their blood pressure levels to the indicated target level.
Third, it may be difficult to reduce blood pressure levels among patients with diabetes mellitus or chronic kidney disease to their strict target levels. The National Health and Nutrition Examination Survey (NHANES) in the United States (28) reported that uncontrolled blood pressure levels were frequently observed among persons with chronic kidney disease in spite of receiving larger number of antihypertensive drugs compared to those without the disease. Also, the Global Cardiometabolic Risk Profile in Patients with hypertension disease (GOOD) survey (29) suggested that metabolic syndrome and diabetes mellitus were important characteristics associated with poor blood pressure control. Thus, more focus is needed on controlling hypertension in people with high cardiovascular risks and diabetes mellitus for secondary prevention.
In this study, the items listed in Belloc and Breslow's seven health practices were used to assess healthy lifestyles among hypertensive patients. They are known to be independently associated with long-term all-cause mortality and the total number of items among seven health practices was linearly correlated with the mortality in original report (19) . Obesity (30) , excess alcohol consumption (31) and smoking (32) are well known as important factors for the success of blood pressure control and trials of single and multiple lifestyle interventions (33, 34) revealed that lifestyle modification could have substantial effects on cardiovascular risk factors, including blood pressure. The results of the current study reaffirm the importance of healthy lifestyles to maintain good blood pressure control. However, a snack between meals was a protective factor against therapeutic failure among male participants. Respondents with snacks between meals had higher BMI, but were less likely to be current smokers and daily drinkers in the study. Further study including detailed survey of nutritional characteristics is needed.
Our previous community-based study (20) showed a small proportion of 6 or 7 healthy lifestyles incorporated in Belloc and Breslow's seven health practices: 26.2% for women and 9.6% for men in the general population using the same definition criteria. However, the present study shows that the overall proportion of 6 or 7 healthy lifestyles was 37.3% and the result may indicate that more physicians are instructing patients to practice healthy lifestyles and/or more patients are following their physicians' instructions. In addition, our data suggested that the total number of healthy lifestyles was inversely associated with the discrepancy between patients' blood pressure control perception and actual blood pressure control status toward target blood pressure levels. Thus, the results indicated that the total number of healthy lifestyles may be an excellent tool to assess lifestyles among hypertensive patients and the necessity to monitor and modify these lifestyles using the items listed in Belloc and Breslow's seven health practices.
Our study has several limitations, including a selection bias; the study was conducted in one Japanese prefecture, the participating physicians were limited to members of the Fukushima Hypertension Conference, and the number of subjects was reduced from 1,753 to 1,264 due to missing data and patients lost to follow-up. It is possible that participating members could have had a greater awareness about hypertension management as compared to non-members. Success rates might become lower showing significant associations with physician's characteristics once non-members are included. In addition, participants might answer better healthy lifestyles at clinical institutions compared to the actual status, and those who were treated by physicians with better awareness might have better healthy lifestyles, per se. A large scale multicenter study with a strict survey monitoring is desirable. Additionally, this study used a crosssectional analysis regarding lifestyle characteristics, and causal relationships between success rates and healthy lifestyles cannot be fully elucidated. Further analyses of followup survey data are needed.
In conclusion, the present study, which was conducted in one prefecture in Japan, revealed low achievement rates toward treatment goals among hypertensive patients, especially young and middle-aged people and patients with diabetes mellitus, chronic kidney disease or had myocardial infarction. Our data indicated the necessity to improve physicians' awareness for management of hypertension according to treatment guidelines and the importance of healthy lifestyles to maintain goal blood pressure levels. The authors state that they have no Conflict of Interest (COI).
